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A. Introduction

Since the unambiguous assignment of a primary step of
any decomposition process rclies upon the direct observation
of the primary decomposition products, we have concentrated
our efforts over the past eight months in this arca. For
the case of the unimolecular decomposition of simple nitro-
alkanes (e.g., 1l- and 2-nitropropane), this mean= dircct
detection of the.possjblc primary decomposition products
HONO and NOZ'

The laser induced flucrescence (LIF) spectrum of N02
has been well studied over the past decade and multiphoton
ionization (MPI) signaturecs have recently been reported.
In contrast, HONO is a very elusive small molecule. The
inability to prepare this molecule in a pure state has, 1o
date, limited spectroscopic studies. Vith the obvious
interfercnces associated with detection by absorption and
mass spectroscopy, efforts to deteci BONO have focuscd on
the technianes of LIF and MP1, Such studies are further

complicated duce to the photolysis of nitrous acid Lelow

400 nin {(the region of Lhe cnly Lnows clecltronic abuorpticn):




HONO + hv (A < 400nm) = OH + NO (1)

A scheme to directly detect nitrous acid might thercfore

require the detection of these photodissociation fragments. h
Such studies are feasible using a single lascr pulse as i

illustrated below in the study of photodissociation of NO, . ;

Progress in detecting HONO using these techniques is

summarized below.
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B. Multiphoton Jonization Dctaection of Thotodissociation

Fragments: NO from NO2
G. Radhakrishnan, D. Ng, and R. C. Estler

The photodissociation of NO2 to the elcctronic ground
state specics, NO and O, has beccn the subject of scveral
investigations. The majority of thesec studies have indicated
a dissociation mechanism where excess cenergy is distributed
statistically among product dcgrecs of freedom. Recently,
Zacharias et al. have monitored the 337 nm (N2 laser)
photodissociation by one-photon LIF. They have concluvdea
that the deccay process is nonstatistical in both the
rotational and vibrational degrees of fircclom of product NO,.
Tvo-photon LII' has also becn used successfully as a state
selective prehe for MO in other photedissociation studies.

We have performed a "one-color" experimeni whelce N02 is
first dissocciated and the resulting NO is then ionized in a
multiphoton transition. Both events take place within the
sane laser pulse (v7 nsec). The MPI spectrum of NO producced
in this experiment clearly illustrates the elevated rotationael
temperature of the NO fragment.

In such a onc-color experiment the dissociating wave-
length changes as the fragment MPI spectrum is gencrated. 1In
the present case, the cxcess encergy at 382 nm is V1050 cm_l
and it varies 150 mel over the wavelength region of intarest.
The internal cnergy of NO2 also adds Lo the range of exces

encrgiecs available, However, in all cases, only the v = O

level of +he around state is accessible.
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The experimental apparatus conuists of a biascd parallel
plate ion cell coupled to a nitrogen pumped dye laser. The
output from the nitrogen pumped (10 z) tunable dye lascr
(Molectron DI.14P) is focused into the ion cell by a 25 wm
focal length lens. In the wavelength region of interest, dye
laser pulses are 100 pd and 7 nsec fwhm.,  Ion current
pulses are first amplificd and then synchronously detected
using a boxcar integrator (PAR 162/164). The data collection
and dyc laser scanning are microcomputer contirolled.

The preliminary results presented here arc intended to
illustrate the utility of the MPI techniguce in monitoring
photodissociation dynamics. Figure 1 prescnts the MPI
spectrum of the 6(0,0) band syctem of a static sawmple of NO,

i.e.,

No(x2n) 2V poe’m MY onot 4 e (2)

and tho NO produced from the dissociation of KO i.c.,

21

2hv hv + -

v ojox?my+o BV now@mto Y mot 4+ e 40 (3)

NO2

both at 10 mTorr and 298 K. The use of such low pressurcs
minimizes the possibility of rotatiocnal relaxation of the
nascent distribution. The spectra presented here have not
been corrected for dye laser power variations (v30% over the
wavelength range of Pigure 1, <10% over the wavelr ngth rogion
of Figure 2). The speclrun has been assigned from the
absorption studies of Lagergvist and Mieschoer and the two-
photon absorption expcriicent: of Freedman. The c2n ntate is

nearly Hund's case b (A 3-4 em™) with a large A-lype
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doubling. The doubling, in addition to the gspin-orbit split
ground state, causes many of the rotational branches to
overlar and makes individuual line intenaities difficult to
detormine. llowever, the obvious rotational cxcitation of the
NO fragment shown in Figurc 1 is casily seen by examining the
region of the PZl band.

Figure 2 shows an cxpanded spectirum in the region of the

2

c°n - XZH, P bandhead. The positions of the PZl' Q21, and

21
Q4 branch lines are indicatced. Mcst of the peuks in the MPI
spectrum consist of two or three overlap] ing lines. However,
some of the A-doublet components of the Psy branch arc
resolvable. 1In comparing the room temperature RO spectrum
with respect to the "fragment" NO spectrum, it is these high
rotational P2l lines which grow in intensity with respect to
the lower rotational lines of the Q21 brinch, Assuming the
ion signals arc proportional to the sauare of the laser power
and a two-photon transition line struncith, the intcensities

of the P21 branch can be used to obtain an estimate cf the
rotational excitalion of the WO photodicsociation fragment.
Using the resolvable A-doublet components of this branch

(for J = 12.5 to 18.5), we obtain a rotational population
distribution that is well described by a temperature of

1500 K. This compares to 1600 K for high rotational levels
of several vibrational statces nmcasurced by Zacharias et al.

To check the validity of our calculated two-photon linc

strengths, a similar analysis was performed on the room

temperature gpectrum. A rotational tewmperature of 310 K ie

e e g gy gt m—n g ﬂ




indicated verifying the analysis procedure. Clearly,
however, accurate determination of such distributions awaits
nore detailed analysis and modclling of the MPI signal
intensities. Yet, the basis for using MPI as an internal
state probe for nitric oxide is clearly demonstrated.
Various excess cnergicu may be invecstigated using this
onc-color technique by tuning the lascer to otlhier two-photon
resonances of NO where one photon is to the bluc of the Noz
dissociation threshold, e.g., the ¢(1,0) band system. These

studies are currently underway in our laboratory.
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FIGURL CAPTIOHS

Fig, 1 Muliiphoven ionization gpectre of §(0,0) bund

systeir of NO:  A) pure NO at 10 mtorr, 2985 K

and, B) NO {row photodiscociated M0, at
[
|
10 ntorr, 208 Y. Prowinent bandhead

positions are indicated.  Spectrum B has been

displaced slichtly from spectrum a for

Fig, 2 lultizhoton dionizaticon speciva of NO in the ;
rcgion of the §(0,0) ¥, and 0oy
bandnezd pesitious: A) pure KO at 10 nTorr
and 222 ¥ and RB) WO from photedissocicted
ﬁOz at 10 mTerr, are indicated. "The
nurbers adjacent to the linc pouitions arce
J-1/2. Thc gpectra have beon nowmalized in
guch & manncr to nalke the Pyg banchesd

{(nct growva) the sane intepsity in both
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C. Dctection of NO from HONO

| In a single lascr experiment identical to thot described
in Scection B, we attcmpted to detect BORC via MPI detection of
NO resulting from the photodissociation of nitrous acid (equalion
1, Section A). Evenr though therc may Lo other scurces of NO

, hv |, . oo "
prescnt (e.g., N02 o NO + 0), unambiguons detccelion of HONO
is still poscible if thoe interni 1 state distvibution of the
resulting NO fragment is diffcrent fiom otlhier souvces.

Experiments vere performed using cquilibriuvm mizturces:

NO + N02 14 H2O ¢ 2HONO (4)

Multiphoton ionization spcecclra of NO were recorded s

dcsceribed previousl but showed no new rxotaticnal struciurce
I e ——

(i.c., different froxm that recorded frow cither NO ox NCZ).
Similer experviments using one- oo two-photon L of KO

for HONO dctection would certainly suifer from the swue

speciroscopic contamination problems. Other scurces of RO ‘

{(particularly using cguilibrivi nixtrrces) will mask the PO .

resulting from the nitrous acid photolysis. TFor these reansons i

detection of NO signatures following photodissociation has |

becn abandoned as a detection scheme for HONO. ;
4
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D. Dectection of Ol frcr HONO

Unlike nitric oxide, the hydroxy) radical (the sccond
product of the nitrvous acid photolycia) should have a single
precursor, thercby climinating any maesking cffccis.

There have been nunerous studies of the one-photon LIF

2yt v = 0) <

of Ol, particularly in the vegion of the A
XZH(V" = 0) transition, ~309 nm. Sincce this transition cccurs
below the threshold of the IONO photolysis, it is an exccellent
candidate for singlce frequency laser detecition.

The experimental arrangcment uscd for these studies is
similar to that used in the MPI studies. A flow ccll is
maintained at a given pressure with sanple.  The output of a
doubled nitrogon-punped dye lagser pasces through the cell
croseing a viovinoe window. Tho fluorcscoence ic imaged onto the
face of a photomultiplicr tubce by a ficld-stop Limitcd
teloscope.l’2 Pholtomultiplicr tube pulues arce processed
identically to MPI pulses (boxcar intcgration under micro-

computer control).

Us

[,

ng two sources for nitrous acid, equilibrium mixntvres
. 3 , .
and a chemical gencrator,” we have obsecrved extremely weak
fluorescence signals in the region of the A-X Ol transitions.
Since thesc signals are on the same order of magnitude as the
experimental noise, further studies are necessary prior to
conclusively assigning these signals to hydroxyl radical. Onc
recason for the weak signals is the low output power of the dyce

lascer doulling system.  Since this oulnut is used for both

dissociation and induccd fluoresccnce, itls intensity is a
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critical paramcter.

Two experiments are currently underway in our labioratory
to improve the signual-to-noisc ratios obscerved so as Lo prove/
disprove OH detection from photodissociated JIONO. first,

simply focusing the UV beam with the cell will incrcasce the

intensity and thereby the probability of dissociation and

induced flucrescence occurring within the lascr pulsc. 2

second procedure currently being implemented uses part (v25%)
of thc pumping nitrogen lascr pulse to dissociate tho nitrous

acid. This proccdure insures a high probability of dissociation.

i The prcobing bean is delayed from the dissocicating pulse a fow
i nanoscoeonds due to optical path diffcrences.
References
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E. Pvrolysis Source

The pyrolysis source that will be used feor the
nitroalkance decampouition studics s ncaving completion and
will undnrgo tests shoxtly. The zsource is similar to the
design of the high temperature oven of hagdigian and VWharion.

A guartsz recactor is surrouvnded by a thin-walled (0.25 - 0.5mw)
stainless steel tube and radiantly heated up to J200°K by
passing a large alternating currert (300 A) through this
surrounding heater tube. A walcr-cooled copper jachet cncloses
the cntire oven assembly. Residence times within the reaction

can be controlled by flow rate and/or length of reactor heated.

lP. J. Dagdigian and L. Warton, J. Chem. Phys. 57,

1487 (1972).
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IT1. GAS PHASE REACTIONS OF C211(>_~i_2)‘.+) WI'rH 02, 112, AND CH4

STUDIED VIA TIME RLSOLVED PRODUCT EMISS1I0NS

A, M. Renlund, F. Shokoohi, H. Reisler, and C. Wittig

ABSTCACT

We report that the 300 K reaction of C,H with 0, has as

2

- .2 Sl . ,
one of its product channole« CJ(Q?A) + C02(§_kg) By woni toring
time resolved CHH(A-X) chend lumincesconce fellowing lasc.

photolysis production of CZH in the presence of O we have

2[

measured rate cocfficients for reactions of C2H with 02, H2,

and CH4.

SO SSRGS . SRR S
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I, INTRODUCTION

The precise identification of the chemical and physical

processes which are germane to the oxidation of hydrocarbon fuels
is an arduous task, and for even the least complex systems a

nyriad of pathways must be sorted out if our understanding is to
Y Y

be predictive. Lxperimental rescarch has been instrumental in v

providing a data base with which calculations can be compared, ‘

albeit not as rapidly as many enthusiasts had hoped. 1In this

comnmunication, we present mcasurements of rate coefficiente for ;
the reactions of the ethynyl radical, CoH, with Opr Hy, and |
CHy. This is part of an ongoing resecarch cffort in which
elementary Kkinetic processes of small carbonacecous gas phase {ree
radicols are studied by laser kinctic spectrosccpy,l in order to
understand certain combustion processes in as much deteil as
pessible.

C,1 is an extremely important species in combustjon

environments, as it contributes to soot formaticn,2 and czn !

undergo a nuiber of interesting reactions with hydrocarbons. C,H

3

is also abundant in interstellar space. The most detailed

spectroscopic information derives from ESR measurements on CoH

4

trapped in a 4 K Ar matrix. Measurements of ir spectra have

5¢6 but to date no electronic

resulted in tentative assignments,
states of C,H have been positively identificd.? Despite its

importance, only a few mcasurements of absolute rate cocfficients

R Py e oo

and of reactions with oxidizing agents have been repcx(ed,7'8 in
part due to the lack of a suitahle means by vhich CoH can be

prepared and monitored in well controlled environments,

In separate exverinents, wc have searched, with high sensi-
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tivity, for Coh absorptions in the region 220 - 700 r, and found
none., This was dene by photolyzing C,B precuvvsors at 153 nw,
while mcasuring absorption spectra with a standard “probe flach®
and grating spectrometer., Havino {found no abcorptions, we
procecded to investigate in greater detail the CH{A-D) clend-
lJuminegcenca observed previovsly ivy our liboratory following ir
multiplce pheoton discociation (MPD) of CoiyCR and sceveral allencs
9

in the presesnce of 0. 1t was svogested that the reaoclion:

k
- 1 2 > '
g cinwla) + coy(Ehy) (1)

AU ==1441 kcod r.".ol_l

- 3
I ) + ()2 (_._\l i

may Lo resyponsible Ter o the CH{A-Y) chor fluninoruence, but
wvas nol the mai:n foous of theoe carlicor experiments, @nd no
effort was mude to resolve the iscue at Lhat tinc,

ke a gencerel prectice, it jo mdesiracie to study rcecaction

v

Kinctics by wonito:riny only product cniscions, Cleorly, it is poot

; derirable to moritor cpoctrnecopicitly the removal of {he rewctant }
E species of concern, In thc case of CoH, where there ic no absorprien i

* in the region 220 -~ 700 nm, our intbility to spectroscopically monitor
this species directly has cavrced us to go Lo great lengths to insurc
that spccies other than CyH do not play a role in our experiments,

Obscrvation of time rewclved CH(A-X) chemiluminescence fron
reaction (1) allows us to determine rate cocfficienvs fox the r1¢irovi]
of Czn(ZQZ*) by & variety of specics.,  Here, we report rate
coefficients for Coll removal by Oy Hy ana CHy. These reactantc arce

representative of larger classces of specien which are currently beang

studicd in our laboratory and will be reported in subscquent publication.,




19 '

ITI. EXPERIMENTAL

In the present experiments, we rely on the time recelved

detection of chemliumln“rcent procucts in order {o menitor reac-

tion, C,H precursors are photodissociaticd in a {luorcscence

chamber using either the unfocucod output from an ArF exciucer

laser at 193 nm (Lumonice, TE 261-2 oi TF 86185-2) or the focusod

output from a COy TEA laser {(Techisto 215G).  CH(A-X) cheomi- {

luminescence is deteciced al right angles to the photolycis beon i

with & photomultiplicr tube (PNT) whose output iu processoed by a |:
!

transient dicitizer/signal averagor combination with a minimun j

gate width ¢f 10 ns. In time reselved measurcments, a narrow
bancpass interference filter centered at 432.6 nm (7 nm fuwhr) is ¥

used to isolate the CNH{A-X) emission., Typically, resulie from

16-64 lascr fivings arc averaged for esch Gatur, Cherdlumincescence
spectre are obtoined veine & 0.25 1 Jarvell-neh wmonochrometlor.
The spectra arce obteined point-by-point (0.2 ni increments, 0.4 nm

resclution) and time integratcd sicnals Trom 64 laser fivincg

are averagoed at each wavelengih sctting. ‘
€O,y ir chemiluminescence (Av3=1) is monitored at right i
angles to the photolysis beam with an 1uSh detector (Specironics, {

photcovoltaic, 77 K, 1.2 cm2). A narrow bandpass interference
filter centered at 2300 cm—1 (120 cm -1 fwhm) is used to isoclate a

art of Lthe CO, bLvy=l cmisslion. BSignals {rom the delector orc
2 3 J

amplificd and processced with the transicnt digitizer/sianal

averager combhination, Typically, results from 64 larer firings
are averaged for each datum.

~

The measured rate cocfficients should not depend on the €0

precursor, and to insure that this is true, we have used a nunber
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of different precursor molecules in our experiments.  Coly,
C,lBr, and C,yNCLO were 411 dissociated with the vulocused 193 nm
output from the ArF laser (<25 wd cm"2). CoHCHO was also
disscceiated with the focused output frem the €O, TEA )nuer tuncd
to the (001)-(100) P{10) tronsition at 953 cm“l, which overleaops
the maximun, in the R-bLronch of the Ve (C~C streteh) vibration ol
c,HCHo, 10

CoBibr was prepervd by debydrolronination of 1,7-dibyowrcihyvlone
as pecr ref, 11; C,UCHO vacg prepered as per ref, 12, poth of thezoo,
as wcll as C,ly (Rirco), vicre purified by repratec trop-lo-iros
distillaticns, Sample purities wvere confitied by colvooring thoir
ir sycetr. to pallished spcctra.13 Sampics were cubjocted Lo
frecue~pang. ow cyclas just pricr to usc. 0. {8
Ar (99.9081), Be{92.880%), Hy(99.0064), and L, (80,960 ) wvare
used without fuorther porification.

In 2 typical exncris ent, a premixned gample contiining Lhe
Coll precursor, Oy and 72 or He diluent is passcd siowvly

~

through the flvorescencs chunber,  Sufficicit 05 is prescnt to
insure sensibly first order kinclics., Constituent pressurcs arc
typically 1-6 mTorr of thc CyH precursor, 20 - 400 mTorr Oy, and

Ar or He added to give total pressures of 200 - 600 mTorr,
Observation times for the CH(A-YN) signals arc typically 15 - 30 s,
while under the cexperiment..l conditions vlicrein €O, fvg=l

emission is monitored, the emission persicts for -1 mo, with

signal risctimes of 25 - 100 s,
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III. RESULTS

vretra

Chanilurmanenconge &
Since ve are monitoring reactions vie chemiluminceconce, it
is imperative that we establish unembigreusly the identity of the
emitting spreies, Figure 1 shows a specirunm cobtained when CoH,
is daissociatied in the prescnce of 0,. It corrceponds to the
well known A-} emiscion spectrunm of Cn,12 showing vilbrationel

ercitation to v'=2, The 0,0 and 1,1 banlo overlep each other

and are not regcolved in our spoctrum,  The bread features

apreazring at 433 ~ 43¢ nin oare due to contribations from the Q-broneh

heads of the 2,2 band,; as well ac fronm l-branch lines of the
vibrational band syctems, Exissien to the short vavelength

sicdc of the wmoin peak o o to high rotoliondd levels of the 0,0
and 1,1 bands, Such cleeorly identificble CH(L-X) emiasion
spectra were coh:tained for ol Coll precurser meleculos used in our
exporiments, We defer to a future publication any deteailed
aralyses of tle spectra. Here we are prinarily concernucd with

the positive idencification of the emizsion which we will use %o

monitor the reaction.

I
3

kinetic

React

len

i

Reaction (1) is but a single channel ¢f the overall rcaction

of CoH with 02:

k
~ - 2
CZH(Lzz*) + 02(5329)-ww— products (2)

Product channels other than reaction (1) will be the subject of

our fnture rescarch, In the present experiments, reaction (1) is

used in order to monitor CyH renoval, therchy allowing us to
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measure rete coefficients for the overall rcastions of Coll with

added sy cies.,

i

A Lypical tirc resolved CH{A-Y) «istion cicual v shiown
£ W

[T .

in fig. 2. The decay portion 3s eooily fit to a single
exponenticl, from whicl renciion rat. cocificiaonts for ihe
total removal ol C-1 are obidined by the veen) ovotenmotic {

variztiong of reagent cencentrations,  The Jararst sigucts werc

chtaivnel whon CHHTLD was Glesg oa el 103 s iy Lhie piooncoe ol
05. Dicsociaticon cf CoBCUS with the focured culput fron Whs GO,

2
lasar gove -~ Lwo ordors of teoo aionnld

The seolution of the rele conastlony purricin’ng to Cu(r=X)

of the

i)
v
9]
[5]
-
~
7
[
-
>
o~
'
-
¢
-
a3}
B
o7
-
5
2
"
-
-
-
b
Ny
~

cheoimilumincseonce

reaction of C,N1 with 04 yieddo

where [C,M)y s the initial Coll concentration, kp is the rate

. . . . -1
coefficicnt. for the reaction of CHoP with its precursor, 1

a1
1ad 1f

the CH(A-X) radiative rate = 1.9 x 106 5_1,13 and 16}D is the
combined rate of qguenching and diffucion of CH(A). The first ‘
exponcntial term in the hrackets represents the decay portion of \
the tirne rocelveld ermicssion, Thut, ko d. obtaelrod rom o vlet of

the cionoel dGecay rote versus [Cpl, end svch dote are shown in

fig, 3. T ie ¢clea: fvom Lo, 3 that Y, ic the vane Tor the

vericus CpH Drocorears,

Jt isalsoporcible to diternine monitoring Co, ir




chemilvinescence. Pere, bocaune of Lhe lont cpontiuncoul ¢Riosion
1ifetire, the rote of reaction 1s wanfcey in the rit, rather
than the £all, of the chexilvmincucence signcl, in contirast to

the caco of Ci(n).  The fell of the o

which renove COzf (epontancous emicsion, diffusion, end
colliisional deexcitstion)., Since the yico ond the 2011 tives arc
not as difficrent as in the canc of CiP{A) emionzicon, 3¢ io

necessnyy to cumrefully G convolute tho €0, 0 o«

obtein reaccion rates. Al ghe rates thes extrected, alihcuah

inherontly less aecurate than {hose obtained fron the Cu{)

ewicel ng, are nc tholess in good ayronnaent with coo obtained

using the Cil{i~-Y) c¢misceions., Teble ¥ sur.arizes a3 of Lhc Con o4
’ -

rate cocfTicienl nowevr crmenter the eveorzer vaive of ke o ico
CLliC.B)xWU"ll cm3 colec™d s~1, in ¢ocd agroomont with ow
previcus ectimate,

Wher addivg other reactentsio the owr oo

vle, the roie of

reaction bicemes ko{O,] 4 RP{DL«k”I“(’] + ke

rate cocfiicient for the added reactiant . Thus

from a plot of the CH(A-X) signel decay rate ve [Mi], as

described above. PReszults for Hy and Ch, are shhowy in fig. 4, and
. e : i =11 .o s . ~11

the kj thus obtained are (1.2:0.3)x107~" and (4.86:1.0)x10

em3 -1

molec s71 for Hy and CHy, recpectively,




IV, DISCUSSION
It ic a bit frastrating Lol o uno 'y 1oxaonﬁtf~’Céﬂ
optically, since its jooclecbronic ¢coonteiporl, Ch, is
: Ty L . SR O S - : et L0
particularly amcnable to opticil Gol- suien val the 'L = y7l
. 17 e Ve A .
system in the uv.- The enclogous vertical  .afitics in C

. N
czleuliso o Lo

2>
-~
-
C
~
.
[
~
’
_
b

excitetlon of o 4v odect:
be in exccss of 7 ¢V since il involves the croitation of & CH
c-bondinc e};ctlop‘lb'ly

-

PDerpite She do.iiity Lo Voo Y Cod, sar
experiments clearly indicatc thet the rexciion of Coh vith Cy 15
responsil.l. for the CH-2) and Co5 (Av3r2\ Coniio
known photopredoct in the vv digsoc otion of Coliny Arip o5 dnoan

Ar matriy, where it has boon ddentiiiced by ite D€ epoctrun,

Similssly, uv difcociation of the othe procussor moliceldon
shovld yicld C,E0 Else, the procurtom s vhic. vo have clereliated

by 3. Nibare xnevn tolced to C, undor collicionlens condl -~

f.
bt

cion., i and fer wost el the ellior s and for Cou0H0, @
2
Jikely provursor to O, de Colic Fo oiliiy nacceint photelvegionts

can participat. in zufs: fently oxociglc reaciions Lo ccoount For
the production of Chi{(A). Hechanisms invoking reactions belween
two photofragments are incensistent with the data shown in figs.
3 and 4, and consecutive reactions can likewise be eliminated
(e.g., by inspection of the rise of the CH(A) signalz). The fack
that Lot CU() and (:oi? eppccr o with the sane 1ate G oates Lhat
they are prccdocts of the scwe reecciion., We aro avare rhat uy
dissociation using crci v losers moy, onder ¢ootain c:onditiors,
be guit. severe, and CH(3) has been observed ©s & nascent photo-
product in the dissociction of CpHy @0 a two-photon product even

vsing an unfocused Lyl lener.??  We checked for the possibility




of this ind other twou-photon procesaoes (e.c., by looking {or Cy

1]

via LIF) end sovw no evidenco of such processcee ot the low
fluence: cmploved here, Tho only additionn) speeics worth

"
concideration is the A0 state of Cyn which hoo beer: czloulated

tobe at fairdly low cnergy, bul otill ceparotaed by 2200 cel mol ™)

- ¢ e . o .
from the ground sLate.lG’]) while thic steis nay be foimed in
the uv phetolyeis of the jrocursor rolecnles, it is hichly

unlike™y that it would be accorced vie iy NMPD photoly.in.  We

)
¢
o
—_
——
=
1o
i
-
—
~
P
-~
4]
o
0
C

therelore feol jostif{icd in necle
sigrnificent conlribvrtor in {he observed reeciions.
The reaction of Colwith ©y mey Loginvith the overlopof

-

the CoU unpeirec o electron and & vnpeired @ clectron contared

on elthir coyien @05, Thion venld Le Joilowod by resiyingomoents
Lo the ¢ Tfcpet Uransiiion rlates,  Yoins o porory vodico L, the

0,C % corpive cwn have a recconehle Tifetine and the arsociatlcd

deprecs o i the wultidiwenciorel polentio) sncroy cmrfece nay

o - . A e . O Y - SR .. .- N
facidato oo e ronviangonoonts reouired for disicrent preduct

channels. 1n thig rcgard, measurcrnents of other exothermic
produci channels (¢.g9., CO + CHO, c,0 + OH, CH{X) + COZ) will be
most illuminating., We are curiently studying the various product
channels in more cdetail, and further discussion of the mechaniem
of the €7 4 0, reactior vill be presented in a later
public~iion,

We concentrate here on a dicscuscion of the rales of the
reactions which wve measvred., Very little is known about the
reactivity of Colfy although relative rates for reaction with

various hydrocailons have been reported, 23024 he only othcr

absolute rate ceoefficients of which we are aware have been
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measurced by Lango and Hagntr7 for ii,, 0, and Coli, and Ly Laufer
ard pass® for Hy and Cyily.  Both of theoso studies cmployed
detection technigue:. which are not pouticularly ruited fov

monitoring fast resctions., They obtaindd tate cocfiiciente vhich

[57]

are slower Lhar thosoe which: we have wooen: b, ot Leowre oy
time resolofion allows us to obtain relichle dite at very short

tinen (seo fig. 2), we fool ocur cuporime.cal toeh ot o o o

3 -

~a fast reaclticnn., Clourly, Coll ds & Liehly

Q

-

suitable for study’

reactive spocics and 18 an dnportant conctituvont in contaniion
procceoeses,  Tor example, the CH{Z-X) cuicoion vhich 15
:)('

charccterisiic of C2H7/02 flaweo, 2 and is thouveht to 6 riv - fron

the recction of Co with OF woy ke due in larac part to vhe

N

reaclion of Cyh wvith O-,

. Y - e 23,74
The cuerlicer ctudics of Lgn,‘J'/‘

o~

which 1elsed on tho
climeico b techniquen of product analyrisg and radical scovengors,
indicote that C N reacts vith wlhonece by H-oton abstreciion,

Peaction pathways for Coib with I, and CH, arc thus:

Com(E2 1) + my () —= comy (Rud) + niZsy) (4)

o = =21 kcal mol~?

5 L . . . oY o 1
CoB(F2E™) + Cuy A - Cony (B0 )+ cuy (21)) (H)

LB & =21 keal mol”?
Both rcactions are cxotbhoernic and alloved by state correlation,
Since Cofl is a o- free radical, it shonld rcadily accept transfer
of an IIatom 1ls elcctren. 7This §s indeed indiceted by the fast

reaction rates measured. TFor example, C2H i mmore reactive then
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Cz(xlza) which is a closed shell species.26 C,H is aliso

significantly more reactive than C2(Q3Hu) which is apparently

nonreactive with Ho, and reacts only slowly (k<10-16 cm3 molcc"1 s'l)

27

with CHy.
The results we have presented here comprise ¢nly preliminary
investigations, and studies of CyH reactions may now procced in
several directions. We have recently extended our experimentec to
include additional C,oH sources, {c.g., CFyC,H) and we have also
identified at least one other pathway for reaction (1): the
formation of Co(g'32+) at & rate which is in agreement with
those prescnted here. We fecl thege recent resvlts further
strengthen the arguments presented here in identifying C,H as the
reactant spcciec, and the resultc of these cexperiments will be
presented in future publications., Alse, using reaction (1), it
will be straightforward to deternine reaction rate coefficients
for neveral species of interest in combustion. This is
particularly necessary cince these preliminary resultis show CoH
to be very rcactive. Detailed studies of product branching
ratios and of reaction mechanisms should also prove very
illuminating, and such erperiments are currently being pursued in

our laboratory,
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TABLE 1

Precursors and emissions used :n measuring thc rate cocfficient,
ko, for the rcaction of C2H(L YY) with Oz(h Z e

precursor photolyvsis emission k2
source monitored (units of 10" lem3molec s
CoHsp 193 nm CH(A-X) 2.0:0.3
193 nm CO, (Bvy=1) 1.8:0.5
C,oHBI 193 nm Cl(p-X%) 2.2+0.3
CoHCHO 183 nm CR(A-%) 2.1:0.2
193 nm COE(AV3=1) 1.9:0.2
ir MPD CH(L~X) 2.2:0.5
ColigCRE ir MPD CH (A-X) 2.5:0.2

immediate precursor is ColiCH.

from ref. 9. CoH is formed via sequential photolyses; the
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FIGURE CAPTIONS

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.
t

CH(A2A-+x2H) chemiluminescence spectrum that results

from the reaction of CyH with 0,. This spectrum was

taken with 60 mTorr C,H, and 540 mTorr Y photolyzed
at 193 nm. The moncchromator was scanncd in 0.2 nm

steps with 0.4 nm resolution.

Time resolved CH{A-X) chemilumincscence signal following
193 nm lacer photolysjé of ¢ mTorr Colly in the prescnce
of 300 mTorr O, and 300 mTorr He. Fluorcscence vas
ob:crved through an interference filtef centered at
422.6 nm. The curve was obtained by averaging results
from 32 laser firings. The initvial spikce is due to

window fluorescence.

The decay rate of CH(A~X) emicsion from reaction (1)
¥s 0, pressure. Cpll was gencrated by : ¢ C4-HCHO
photolysis at 193 nm; 4 C,H, photolyzis at 193 nw;

Ll C,uBr phololysis at 193 nm; O C,NCHO dissociated by

ir MPD.

The decay rate of CB(A-Y) enission from reaction (1)
¥s pressure of added reagents: o A Chy. CoH
was generated by photolysic of Coll, at 192 nm.  Yhe

intercepts include contributions due to guonching,

diffusion, reaction with 05 and radiative decay.
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